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At  the  time  of  this  proposal  we  had  developed  the  theoretical  foundation  for  analyzing  2D 
periodic  second  order  nonlinearities,  from  which  we  developed  a  theoretical 
demonstration  of  simultaneous  optical  wavelength  interchange  [1].  In  that  paper,  it  was 
shown  that  a  properly  designed  2-D  quadratic  nonlinear 
lattice  can  be  used  to  produce  a  simultaneous,  one-step, 
interchange  of  data  between  two  carrier  wavelengths 
(Fig.  1).  The  two  DFG  processes  essentially  “diffract” 
the  interconverted  signals  from  the  unconverted  ones, 
providing  spatial  segregation  to  eliminate  coherent  in 
band  cross  talk.  Subsequent  to  this,  we  presented  the 
first  experimental  demonstration  of  simultaneous 
optical  wavelength  interchange  [2,3].  The  nonlinear 
lattice,  fabricated  in  LiNbC>3,  was  designed  to 
interchange  the  wavelengths  1535  nm  and  1555  nm 
(Fig.  2). 


Figure  1.  Schematic  representation 
of  simultaneous  wavelength 
interchange  in  2D  periodically 
poled  LiNbO,. 


The  large  refractive  index  of  LiNbCb  (n~  2.2)  also  makes  it  an  attractive  material  in 
which  to  produce  a  new  engineered  material:  2D 
nonlinear  photonic  crystals  (NLPCs)  -  in  which 
both  the  refractive  index  and  the  nonlinearity  is 
periodically  patterned.  The  periodic  index 
distribution  can  serve  as  an  optical  bandgap 
material;  defect  waveguides  fabricated  in  this 
material  will  be  highly  confining.  This 
confinement  will  greatly  enhance  optical 
nonlinear  processes  such  as  wavelength 
translation. 


(nm) 


The  high  chemical  stability  of  crystalline 
LiNbC>3,  however,  effectively  precludes  the  use 
of  standard  photolithographic  patterning 
techniques.  We  have  developed  a  two-stage 
growth  method  for  fabricating  patterned 
crystalline  LiNbC>3  structures  for  PC  and  other 
photonic  applications  [4,5].  The  method  uses 
atmospheric  chemical  vapor  deposition  (CVD)  to 
produce  an  amorphous  LiNbC>3  film.  We  have 

begun  to  pattern  these  films  using  conventional  photo-lithography  and  chemical  and  dry 
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Fig,  2.  Output  spectra  from  2D 
nonlinear  lattice  in  LiNb03. 


etching  techniques.  (Alternatively,  a  standard  lift-off 
process,  using  Si02  as  a  masking  material,  can  be  used  to 
produce  a  desired  pattern.)  The  crystalline  LiNb03 
substrate  serves  as  an  etch  stop.  When  grown  on  LiNb03 
substrates,  a  post-growth  anneal  converts  the  amorphous  film 
to  single  crystal  LiNbC>3.  Figure  3  a  is  a  cross-sectional  TEM 
image  of  an  amorphous  LiNbCb  film  after  annealing  for  1 

hour  at  1 100°C.  The  inset  is  the  corresponding  [0110]  zone 
axis  selected  area  diffraction  pattern  taken  from  the 
film/substrate  interface  area  in  the  image,  demonstrating  the 
single  crystal  epitaxial  nature  of  the  layer.  The  inclined  lines 
are  bend  contours;  the  horizontal  band  is  a  thickness  fringe. 
Figure  3b  is  a  scanning  electron  micrograph  of  a 
photolithographically  patterned,  etched  (HF:H20),  and 
annealed  (1000°C)  LiNb03  film. 


Fig.  3.  (a)  TEM  of  amorphous 
LiNb03  after  annealing;  (b) 
patterned,  etched,  and  annealed 
LiNb03  film. 


In  parallel  with  this  homoepitaxial  technique,  we  have  been 
exploring  the  growth  of  discontinuous  patterned  films  on 
substrates  with  smaller  refractive  indices.  We  have 
found,  for  example,  that  under  the  proper  conditions  LiNb03 
will  undergo  island  growth  on  c-cut  sapphire.  X-ray 
diffraction  shows  the  LiNbCb  to  be  crystalline  within  the 
body  of  the  islands.  (It  is  likely  that  the  island  growth  serves 
to  relieve  the  lattice  mismatch  strain  in  the  film.)  With  a 

properly  patterned  sapphire  substrate,  it  may  be  possible  to  grow  LiNbC>3  nonlinear 
photonic  crystals  via  thin  film  epitaxy.  The  lower-index  sapphire  will  additionally  serve 
as  optical  cladding,  confining  the  light  to  the  LiNbO^r  What  is  pefhaps  more  exciting  are 
the  recent  Maker  fringe  measurements  made 
by  one  of  our  collaborators,  Prof.  Theresa 
Maldonado  of  the  University  of  Texas  at 
Arlington,  showing  that  the  ferroelectric 
domains  of  these  films  are  oriented,  giving 
rise  to  a  large  second  harmonic  signal  (Fig.  4). 

This  implies  that  LiNbCVAkOs  photonic 
crystals  will  also  exhibit  the  desired  second 
second  order  nonlinearity,  without  having  to 
orient  the  ferroelectric  domains  after  growth. 


incidence  angle 


Figure  4.  Maker  fringe  analysis  of  LiNb03 
islands  grown  on  c-cut  sapphire. 
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